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Abstract 
Water drift emitted from cooling towers is objectionable for several reasons, mainly due to 
human health reasons. A numerical model to study the influence of psychrometric ambient 
conditions on cooling tower drift deposition was developed. The mathematical model 
presented, consisting of two coupled sets of conservation equations for the continuous and 
discrete phases, was incorporated in the general purpose CFD code Fluent. Both 
experimental plume performance and drift deposition were employed to validate the 
numerical results. This study shows the influence of variables like ambient dry bulb 
temperature, ambient absolute humidity and droplet exit temperature from cooling tower 
on the drift evaporation (and therefore deposition) and on the zone affected by the cooling 
tower. The stronger effect detected corresponds to the ambient dry bulb temperature. 
When a higher ambient temperature was present, deposition was lower (evaporation was 
therefore higher) and the zone affected by the cooling tower was smaller. The influence of 
the other two variables included in the study was weaker than the one corresponding to the 
dry bulb ambient temperature. A high level of ambient absolute humidity increased drift 
deposition and also the size of the zone affected by the cooling tower. Finally, a high level 
of droplet exit temperature decreased deposition and increased the zone affected by the 
cooling tower. 




pA             droplet area (m
2) 
DC            drag coefficient 
vC             vapor concentration in bulk gas (mol/m
3) 
,v sC           vapor concentration on droplet surface (mol/m
3) 
Cp              heat capacity of droplet (J/kg K) 
d∀              differential of volume (m3) 
,v mD          diffusion coefficient of vapor in mixture (m
2/s) 
Dp             droplet diameter (μm) 
D              average droplet diameter (μm) 
e                internal energy (J/kg) 




 (vi-upi)   drag force per unit droplet mass (m/s
2) 
g            gravity (m/s2) 
h              convective heat transfer coefficient (W/m2K) 
hi’              sensible enthalpy of species i´ (J/kg) 
hf              latent heat of water (J/kg) 
hD              convective mass transfer coefficient (kg/m
2) 
iiJ ,′           diffusion flux of species i´ (kg/m
2s) 
Kc             mass transfer coefficient (m/s) 
im ′            local mass fraction of species i´ 
mp             mass of droplet (kg) 
pm            average mass of droplet in d∀ (kg) 
mpo           initial mass of droplet (kg) 
op
m&           mass flow of droplets contained in a differential of volume d∀ (kg) 
pmΔ          droplet mass change in each volume differential d∀ (kg) 
pD
M          accumulated fraction of water droplets 
vM           molecular weight of vapor (kg/mol) 
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n              fit coefficient in Rosin-Rambler's equation 
vN           molar flux of vapor (mol/m
2s) 
Nu           Nusselt number 
p              static pressure (Pa) 
vsp          saturated vapor pressure (Pa) 
R             universal gas constant (kg m2/s2 K mol) 
Re            Reynolds number 
iS ′            mass flow source  (kg/m3s) 
Sh             volumetric heat source (kg/s
3m) 
T              air temperature (K) 
Tp             temperature of the droplet (K) 
Tref            reference temperature for enthalpy (K) 
T∞            ambient temperature of continuous phase at domain inlet (K) 
To           exit cooling tower droplet temperature (K) 
ΔTp           temperature change of droplet in d∀ (K) 
Vp           velocity of the droplet (m/s) 
v              air velocity component at the y axis (m/s) 
vi             velocity in the continuous phase (m/s) 




vΦ          Rayleigh dissipation function (kg/s
3m) 
μ           dynamic viscosity of air (kg/m s) 
 ρ            density in the continuous phase (kg/m3) 
ρp            density of the droplet (kg/m
3) 







a     air 
d  dry 
i´             species 
p    for droplet (particle) 
v             vapor 






Cooling towers are evaporative heat transfer devices in which atmospheric air cools warm 
water, with direct contact between the water and the air, by evaporating part of the water.  
They are commonly used to dissipate heat from power plants, water-cooled refrigeration, 
air conditioning and industrial processes. The principle of operation of cooling towers 
requires distributing or spraying water over a heat transfer surface across or through which 
a stream of air is passing. As a result, water droplets are incorporated in the air stream and, 
depending on the velocity of the air, will be taken away from the unit. This is known as 
drift and it is independent of water lost by evaporation. 
 
Cooling tower drift is objectionable for several reasons (Lewis, 1974). Initial interest in drift 
was associated with dispersion of radioactive particles from nuclear accidents or nuclear 
power plant sites (Pasquill, 1962; Van der Hoven, 1968). Later, the impact of accumulated 
salts on downwind vegetation associated with large ocean side fossil and nuclear power 
plants using salt-water or brackish water in natural and mechanical draft cooling towers 
drove investigations into drift behaviour (ASME, 1975). Corrosions problems ensued on 
equipment, piping and structural steel or ice formation during winter months are cited by 
Pedersen, 1987. Drift also represents an emission of chemicals or microorganisms to the 
atmosphere. Undoubtedly the most well known pathogens are the multiple species of 
bacteria collectively known as legionella. These bacteria tend to thrive at the range of water 
temperatures frequently found in these cooling systems. Hence, workers or other people 
near a cooling tower may be exposed to drift, may inhale aerosols containing the legionella 
bacteria, and may become infected. Several legionella outbreaks have been linked to cooling 
towers (Bentham and Broadbent, 1993; and Isozumi et al., 2005).  
 
Both for the environmental impact assessment of a cooling tower, and for the detection of 
the origin of an outbreak of Legionnaire’s disease, it is interesting to have a model that 
predicts the affected area by a cooling tower. Wilmot et al., 2000, established a Bayesian 
Belief Network (BBN) to model the uncertainty of aerosols released from cooling towers 
and a Geographic Information System (GIS) to create a wind dispersion model and identify 
potential cooling towers as the source of infection. They constructed a very simple 
binormal plume dispersion model to update the probability of a cooling tower infection 
given a case of Legionella. Brown et al., 1999, presented an epidemiological method to 
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calculate dose of exposure to a source of Legionnaire’s disease infection. They defined a 
variable, called Aerosol Exposure Units (AEU=t/d), which relates the time (t) spent at 
distance (d) from the source. Both references carried out a simulation of the cooling tower 
drift dispersion very simple, and therefore limited.  
 
The movement of gases and fine aerosols from cooling tower exits can be predicted by 
analytic programs (such as the Industrial Source Complex (ISC3) Dispersion Models, US 
EPA (1995), or the Seasonal/Annual Cooling Tower Impact (SACTI) Model, Policastro et 
al. (1981)). Unfortunately, neither of these approaches allows including the influence of 
nearby large buildings on the flow fields, which affect the local building downwash and 
cooling tower drift. When significant building interactions are present, physical modelling 
in environmental wind tunnels are used. The background flow fields and gaseous plume 
motions can be accurately predicted by physical modelling in environmental wind tunnels 
at moderate velocities. However,  the correct scaling of droplet and particle drift requires 
the simulations to be run at extremely low facility velocities, which distorts the model flow 
fields (Kennedy and Fordyce, 1974; Jain and Kennedy, 1978; Petersen, 2004). A 
comparative between dispersion experiments in a wind tunnel and the ones obtained with 
dispersion model AUSTAL2000 can be found in Bahmann and Schmonsees, 2004. They 
called amplification factors to the ratio of the ground level concentration values with and 
without buildings. 
 
A third approach to estimate drift and droplet deposition which includes the effects of 
ambient winds, building wakes, exhaust jets and surrounding buildings and terrain is that of 
computational fluid dynamics (CFD) solving the relevant equations of motion by numerical 
methods. Bender et al., 1993, reported the results of a 2-dimensional simulation of the 
interaction of the flow through an idealized cooling tower with the wind flow over the 
tower. Takata et al., 1996, calculated the effects of wind on the visible envelope of moist 
cooling tower plumes using CFD. Bornoff et al., 2001, presented the results of a numerical 
investigation into the interaction of two adjacent plumes in a cross-flow. Riddle et al., 2004, 
compared CFD results with the predictions from the Atmospheric Dispersion Modelling 




Meroney, 2006, developed a computational fluid dynamics model to simulate cooling tower 
plume dispersion and drift. He predicted drift deposition levels downwind a cooling tower. 
The simulation was prepared to replicate the Chalk Point Dye Tracer Experiment. These 
experiments are described in papers and reports by Hanna (1974) and Policastro et al. 
(1978a and 1978b). Although Meroney’s model did not take into account drift droplets 
evaporation, it successfully predicted plume rise and droplet deposition observed during 
the 1977 Chalk Point dye tracer experiment. This work shows that recent improvements in 
numerical solution algorithms, increases in computational speed, new turbulence models 
and increased storage capacity in computers, make it possible to calculate reasonably large 
and complicated domains. 
 
The objectives of the present work were three-fold: the first one was to develop a 
computational fluid dynamics model to predict water droplet dispersion and surface drift 
deposition from cooling towers. The second one was to validate the model by using 
experimental data from Chalk Point as reference. The third objective was to assess the 
influence of psychrometric ambient conditions (dry bulb temperature and absolute 
humidity) and water droplet exit temperature on drift deposition and on the size of the area 
affected by the cooling tower. 
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2. Modelling  
2.1 Physical model 
The physical model employed in this paper is composed of a hyperbolic natural draught 
cooling tower located in a parallelepiped. The cooling tower modelled has a height of 124 
m, a base diameter of 114 m and an exit diameter of 54.8 m. Simulation was performed on 
a domain with a length of 3000 m, a width of 1000 m and a height of 750 m. Ambient 
conditions like wind velocity, temperature and absolute humidity were set to as profiles. 
Conditions at exit cooling tower were defined by means of air velocity, temperature and 
absolute humidity. Water drift was characterized by a droplet size distribution. 
The reference tower is situated at Chalk Point power plant (Maryland, U.S.A.) on a 
peninsula that extends into the local bay and wet lands. Chalk Point power plant is the 
largest generation station in Maryland. Its size is about 4.69 km2 and its capacity is 
approximately 2,415 GW. To dissipate heat from the condensers, brackish water from the 
bay is recirculated on two natural draft cooling towers. Although the objective of this work 
goes beyond the simulation of a particular cooling tower, Chalk Point geometry has been 




Figure 1: Physical model employed on numerical simulation. 
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2.2 Mathematical model  
 
Processes related to fluid flux and heat-and-mass transfer between different phases are 
governed by mass, momentum, energy and species conservation principles. These 
principles may be expressed by means of differential equations. In order to analyse the 
mathematical model of the problem that has been treated here, three groups of equations 
may be considered: the set of equations that governs the continuous phase (external 
cooling tower flow), the set of equations of the discrete phase (droplets of water escaped 
from cooling tower exit), and the set of equations that provides the chemical species (dry 
air and water vapor). The continuous and discrete phase equations are coupled by the 
source terms of the conservation equations. 
 
2.2.1 Continuous phase 
The equations of this phase are presented below. 
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−= ′′′ ρ  (5) 
Where Si’, Fi and Sh represent the source terms and Ji’,i, the diffusion flux of species i’. Flow 
may be considered as a turbulent flow because the wind induces it. For this reason, the 
model adopted assumes turbulent flow in the domain. The well-known k–ε model has been 
employed. Among all two-equation turbulence models, this one has been chosen due to its 
less computational effort. 
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2.2.2 Discrete phase model 
The dispersed phase consists of spherical water droplets of Dp diameter dispersed in the 
continuous phase. The trajectory of a discrete phase particle (droplet) may be predicted by 
integrating the force balance on the particle, which is written in a Lagrangian reference 
frame. This force balance equates the particle inertia with the forces acting on the particle, 
and can be written as equation (6). The energy balance in the particle is considered in 
equation (8). 





































=  (7) 
 ( )d d ,
d d
p p
p p p p f
T m
m C hA T T h
t t
= − +  (8) 
 ,Re
μ
ρ VVD pp −


















=  (11) 
Where coefficients a1, a2 and a3 are constants used for smooth spherical particles over 
several ranges of Re given by Morsi and Alexander, 1972, F
D
 (V- Vp) is the drag force per 
unit particle mass, g·(ρp - ρ)/ρp is the gravity force per unit particle mass, (ρ/ρp) Vp 
(∂V/∂rp) is the force caused by the pressure gradient in the fluid, and dmp/dt, the 
evaporation rate on the particle. 
2.2.3 Coupling between discrete and continuous phase 
The process of coupling between the discrete and the continuous phase is solved by an 
iterative method. As the trajectory of a particle is computed, the algorithm keeps track of 
the heat, mass, and momentum gained or lost by the particle stream that follows that 
trajectory and these values can be incorporated in the subsequent continuous phase 
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calculations. Thus, while the continuous phase always affects the discrete phase, the effect 
of the discrete phase trajectories on the continuum can be also incorporated. This two-way 
coupling is accomplished by alternately solving the discrete and continuous phase 
equations until the solutions in both phases have ceased to change. The source term in the 














Where Δmp is the particle mass change in each volume differential ∀d in a dt; opm&  , the 
initial mass flow rate of the injected particle tracked and 
op
m , the initial mass of the 
particle. This particle mass change in each ∀d may be expressed by 
 ( ) ( ) ( )d d d ,p p p v v pm m t m t t N M A tΔ ∀ = − − =  (13) 
Where dt = ds/|Vp+V|, and ds is the fraction of trajectory inside each volume differential 
∀d  considered; Mv is the molecular weight of vapor, Ap is the droplet area and Nv is the 
molar flux of vapor: 
 ( ),v c v s vN K C C= − , (14) 
Where CV,S is the vapor concentration on the droplet surface and CV, the vapor 
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With xv being the mass fraction of vapor. Mass transfer coefficient Kc is obtained by a 
correlation of the Nusselt number given by Ranz and Marshall, 1952. 
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Source terms of momentum equation (2) Fi and energy equation (3) Sh, are given by the 
following expressions: 







































μ  (17) 
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Where pm  is the average mass of the particle in control volume ∀d and ΔTp, the 
temperature change of the particle in control volume ∀d . 
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2.3 Numerical model  
 
This system of equations has been numerically solved through a 3D model using the 
general-purpose code Fluent, based on a finite volume procedure (Fluent, 2003). The 
standard k-ε turbulence model was used and the simple algorithm is utilized to solve the 
coupling between continuity and momentum equations through pressure. All calculations 
were performed using discretization providing second order accuracy. The convergence 
criterion in each case was (φ (i+1)- φ (i) ) / φ(i) < 10-4, where i denotes the iteration number 
and φ can stand for any of the dependent variables. 
 
As stated above, numerical simulation was performed on a domain with a length of 3000 
m, a width of 1000 m and a height of 750 m. The cooling tower was centred 500 m 
downwind of the entrance. The simulated hyperbolic cooling tower was modelled by using 
a hyperbolic profile with a rho parameter of 0.65 (necessary for defining the hyperbolic 
profile) and with its physical dimensions, i.e. a height of 124 m, a base diameter of 114 m 
and an exit diameter of 54.8 m.  
 
In order to ensure the accuracy of numerical results, a grid dependence study was 
performed in the analysed domain. Domain’s mesh is divided into two main zones: from 
the ground up to a height of 500 m tetrahedral cells are used, and above this zone 
hexahedral cells define a structured zone that completes the domain. Several meshes of 
different size were tested and the mesh of size 762969 cells was found to guarantee grid 
independent results (see Figure 2). Refining the mesh further did not produce any 
appreciable change in results. Complementary studies demonstrated that with a Reynolds 
number of 1.67·107 and domain ratio L/d (where L is domain width and D the average 
diameter of the cooling tower) of 13.62, symmetry boundary conditions for domain sides 
did not affect the results. A similar study was carried out in order to demonstrate that 
symmetry boundary condition for domain’s top did not affect the results when it was 
located higher than 750 meters from the cooling tower exit surface. 
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Figure 2: Mesh employed in the numerical simulation composed of tetrahedral and hexahedral cells. 
 
The boundary conditions required for the present problem will now be described (see 
Figure 3). Wall boundary condition was selected for ground surface and for cooling tower 
surface. Non-slip conditions were imposed on the walls. Besides, the heat flux was zero 
and numerical option “trap” were set for accretion/deposition in walls. Symmetry 
boundary condition was selected for domain sides and top. The domain inlet conditions 
(wind velocity, temperature and absolute humidity) were set to as profiles. Pressure outlet 
boundary condition was selected for domain exit. Conditions at cooling tower exit (air 
velocity, temperature and absolute humidity) were set to constant values. Water mass flow 
was distributed uniformly on the surface. Droplet size distribution injection at cooling 
tower exit was defined as a Rosin-Rammler's equation with basing on the assumption that 
an exponential relationship exists between droplet diameter Dp, and mass fraction 
pDM  of 















=  (19) 
where D  is the average droplet diameter and n is a fit coefficient. Evaporating effects were 
considered and water liquid was the evaporating specie. Properties of moist air, such as 
moisture fraction, specific humidity, enthalpy, and others, were calculated through 






























Figure 3: Summary of boundary conditions.  
3. Results and discussion  
3.1 Validation of predicted results by experimental data 
 
Model validation was attempted by comparing the results from the numerical model with 
Chalk Point Dye Tracer Experiment data. This case was chosen for two reasons. On the 
one hand, this case was well documented and was easy to replicate (i.e. the source cooling 
tower was located in a flat unobstructed terrain, and plume rise, trajectory, wind, 
temperature and absolute humidity profiles were available), and on the other hand, a 
previous simulation developed by Meroney, 2006, had shown the CFD capacity to carry 
out this kind of studies. The model developed in this work considers droplet evaporation, a 
physical phenomenon which was not included in Meroney’s model. 
 
An environmental impact assessment study of the Chalk Point power plant was carried out 
on summer, 1977. Both, the Unit number 3 cooling tower and the stack effluent scrubber 
of the Chalk Point power plant produced salt water drift because of the brackish Patuxent 
River water used for the cooling tower and the stack particulate scrubbing agent. Drift 
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measurements at Chalk Point used sodium as a tracer and consequently separation of 
cooling tower and stack drift was not possible. To provide a positive identification of the 
drift deposition from the individual sources, a water soluble fluorescent dye (Rhodamine 
WT) was used as a tracer in the cooling tower circulating water. 30 gallons of 20% 
Rhodamine WT (fluorescent) dye were added to the cooling tower basin water, and no 
additional water was added to or drained from the basin during the experiment. The 
photolytically unstable dye required the experiment to be performed at night. The drift dye 
tracer experiment was conduced during a four-hour period on June the 16th  and 17th of 
1977. Drift deposition measurements were made placing the instruments at 5º intervals on 
35º arcs at distances of 500 m and 1000 m of cooling tower number 3 exit surface (Figure 
4).  
 
Drift rates at the cooling tower exit were determined by using an instrument package 
suspended inside the tower in a plane approximately 13.6 m below its outlet section. The 
drift droplet size spectrum was measured using sensitive paper and a particle 
instrumentation by laser light scattering. The drift mass flux was measured with a heated 
glass bead isokinetic (HGBIK) technique. The updraft air velocity was measured using a 
Gill propeller type anemometer. Plant load remained constant during the experiment (on 
June the 16th and 17th of 1977). Source measurements reported a drift loss of 0.328 kg/s, 
which supposed a 0.002% of the water mass flow rate circulating through the Chalk Point 
cooling tower. Wind velocity, temperature and absolute humidity profiles were documented 




Figure 4: Sampling arrays at Chalk Point cooling tower number 3. 
 
Regarding numerical model boundary conditions for the model validation, wind velocity 
was set, based on JHU data, to a power-law defined up to 100 m as 
 
6781.03523.0 zv ⋅=   (20) 
 
 and with a constant velocity of 8 m/s above 100 m. Constant turbulence intensity of 10% 
and a length scale of 50 m were set at domain inlet. Temperature and absolute humidity 
were defined as the experimental profiles described in JHU report (1977).  Conditions of 
air velocity, temperature and absolute humidity at the cooling tower exit were set to 4.5 
m/s, 315.3 K and 0.05552 kg/kg constant values respectively. Constant turbulence 
intensity of 10% and length scales of 25 m were set. The exit water mass flow rate 
(distributed uniformly on the surface) was set to 0.328 kg/s and the exit temperature was 
fixed to 315.3 K. Droplet size distribution injection was defined as a Rosin-Rammler's 
equation with the following characteristic parameters: velocity = 4.5 m/s, (normal 
boundary); mean diameter= 9·10-5 m; shape factor = 0.65 and “n” parameter = 80. 
 
In order to validate the numerical results, they were compared to Chalk Point experimental 
plume performance and drift deposition. Figure 5 shows temperature and mass fraction 
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contours obtained with Fluent. The height of the centerline of the cooling tower plume 
was determined based on the height of the maximum in the water vapor (gaseous) profiles 
downwind of the cooling tower. These calculated points are included on Figure 6 as 
squares. The calculated points agree very well with the predictions of the Briggs plume rise 
formulae calculated by Hanna (1978) as well as with the magnitude of the visual 
observations for plume height recorded during the experiment.  
 
 


















Figure 6: Predicted and observed cooling tower plume centerline trajectory during the Chalk Point 
Dye Tracer Experiment, June 16-17, 1977.  
 
Regarding deposition, it was experimentally measured in Chalk Point in two different zones 
separated 500 and 1000 meters from cooling tower centreline respectively. Processing 
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experimental data and considering a salt concentration of 0.014 gr NaCl/gr H2O water 
deposition values of 196.1·103 and 65.3·103 kg/km2-mo resulted for the 500 and 1000 
meters zones respectively. Figure 7 compares the numerical results obtained in this work 
with the previous numerical results from Meroney (2006) and with the experimental field 
results from Chalk Point. At the sight of this figure, it can be concluded that droplet 
evaporation was negligible during Chalk Point experiment because Meroney’s results, 
which did not include this physical phenomenon, are quite similar to the numerical results 
obtained .in this work. This result can be explained by the fact that field experiment was 
performed at night with a relative humidity of 93%. Although previous reasoning was valid 
for the mentioned conditions, evaporation must be considered if the psychrometric 
ambient conditions are further enough from saturation line because it will play an 






























3.2 Numerical simulation of the influence of psychrometric ambient 
conditions on cooling tower drift deposition 
 
Once the numerical model was validated, the influence of psychrometric ambient 
conditions on cooling tower drift deposition was analyzed. Two independent 
psychrometric variables have been selected to describe ambient conditions: ambient dry 
bulb temperature and absolute humidity. Water droplet temperature at cooling tower exit 
was also included as a third variable. A Mediterranean-type climate corresponding to the 
south-east region of Spain (38º latitude) was selected as reference. Interest in this region is 
justified because it has suffered several important outbreaks of Legionnaire’s disease 
(Fernández et al., 2002 and Navarro et al., 2001). Average profiles for the days of summer, 
winter and spring were selected to be included in the numerical simulation considering 
meteorological data for the last twenty years. As it can be seen in Figure 8, Mediterranean-
type climate is characterized by mild winters (temperature above 0ºC) and summers not too 
warm (temperature below 35ºC). For the absolute humidity, two levels were selected to 
describe a wet and a dry average days for every season as it is shown in Figure 9. The 
selected values for the water droplet temperature at the cooling tower exit were 305 K  and 
315.3 K for the low and the high level respectively. Everyone of the twelve cases evaluated 







































Spring absolute humidity dry profile
Summer absolute humidity dry profile
Winter absolute humidity dry profile
Spring absolute humidity wet profile
Summer absolute humidity wet profile
Winter absolute humidity wet profile
 









Exit cooling tower water 
temperature level 
Water deposition (kg/s) 
·103 
Affected distance (m) 
Case 1 Winter Dry High 328 1870 
Case 2 Winter Wet High 498 2115 
Case 3 Spring Dry High 256 1640 
Case 4 Spring Wet High 430 1788 
Case 5 Summer Dry High 129 1293 
Case 6 Summer Wet High 210 1357 
Case 7 Winter Dry Low 427 1796 
Case 8 Winter Wet Low 752 2064 
Case 9 Spring Dry Low 289 1519 
Case 10 Spring Wet Low 479 1771 
Case 11 Summer Dry Low 210 1250 
Case 12 Summer Wet Low 407 1327 




Total water ground deposition values are shown in Table 1. These values were calculated as 
the integral of the deposition on the ground. Figure 10 shows the total water deposition on 
the ground per unit time and square meter along the x-coordinate for every 100 meters 
interval from null to 2100 meters, where the value 100 on the x-axis represents the first 






















Case 1 Case 2 Case 3
Case 4 Case 5 Case 6
Case 7 Case 8 Case 9
Case 10 Case 11 Case 12
 
Figure 10: Predicted ground deposition results  
 
“Affected distance” around the cooling tower is defined as the radius of the circle where 
99% of the total water is deposed. These values are shown in Table 1 and denote the area 
affected by the cooling tower drift (Figure 11). 
 




3.2.1 Influence of dry bulb ambient temperature 
 
Figure 12 shows how an increase in dry bulb temperature increases also droplet 
evaporation and therefore decreases ground deposition (keeping constant ambient absolute 
humidity and droplet temperature at the cooling tower exit). As the three cases have the 
same absolute humidity, wet bulb ambient temperature is higher in summer than in spring 
and in spring than in winter. So, as droplet water temperature stabilizes around wet bulb 
temperature, difference in vapour pressure between the water droplet surface and the 
ambient justifies the different levels of evaporation. Figure 13 shows how after the droplet 
leaves the cooling tower, its output temperature decreases to the ambient wet bulb 
temperature and after that it becomes stable around this value. This fact results in an 
integrated value of water mass deposed on the ground higher for winter cases than for 
summer cases. In the above mentioned conditions, the affected area becomes also larger as 





















































Wet temperature ambient conditions
 
Figure 13: Predicted temperature evolution of a droplet (150 μm diameter). 
3.2.2 Influence of ambient absolute humidity (ω∞) 
Figure 14 depicts the effect of ambient absolute humidity on ground deposition (keeping 
constant ambient temperature and output droplet temperature). As can be observed in 
Figure 14, evaporation is higher for dry cases and therefore mass deposed on the ground is 
lower than for wet cases. As it was justified in the preceding paragraph, the differences in 
vapour pressure between the water droplet surface and the ambient explain the different 
levels of evaporation. Consequently, the size of the zone affected by the cooling tower 



























Figure 14: Influence of ambient absolute humidity on ground deposition  (Winter , High T0) 
 
3.2.3 Influence of output droplet temperature 
The effect of the droplet temperature at the cooling tower exit on ground deposition can 
be appreciated in Figure 15 where ambient dry bulb temperature and absolute humidity are 
kept constant. There is more evaporation in cases with a higher output droplet temperature 
because of the difference in vapour pressure between the droplet surface and the ambient. 
This fact occurs mainly during the evolution of the droplet temperature from the cooling 
tower exit temperature to the ambient wet bulb temperature. From this point evaporation 
becomes similar disregarding the droplets initial temperature as it also does the above 
mentioned difference in vapour pressure. According to this, the mass deposed on the 
ground results higher for lower output droplet temperatures. 
 
Because of the higher evaporation, droplets with a higher temperature at the tower exit 
arrive at the wet bulb temperature with a smaller size. This fact justifies that, although 
deposition is lower, the radius of the zone affected by the cooling tower becomes greater as 























Case 2 (High exit temp.)
Case 8 (Low exit temp.)
 
Figure 15: Influence of output droplet temperature on ground deposition (Winter , Wet) . 
 
3.2.4 Comparative effect of the influence of the studied variables on drift deposition 
Figure 16 shows the particle trajectories of four of the twelve cases analysed in this study. 
Wet winter with high output droplet temperature level has been selected as reference case 
(top left of Figure 16). Top right part of Figure 16 shows the particle trajectories for the 
wet summer high output droplet temperature level. It can be appreciate that the effect of 
the dry bulb temperature on the drift deposition is greater than the one corresponding to 
the absolute humidity (bottom left) or the one corresponding to the output droplet 





Figure 16. Images coloured by particle diameter (m) a) Top left: Wet winter high output droplet 
temperature level. b) Top right: Wet summer high output droplet temperature level. c) Bottom left: 
Dry winter high output droplet temperature level. d) Bottom right: Wet winter low output droplet 





The objectives of this work were three-fold: the first one was to develop a computational 
fluid dynamics model to predict water droplet dispersion and surface drift deposition from 
cooling towers. The second one was to validate the model by using experimental data from 
literature. The third objective was to assess the influence of psychrometric ambient 
conditions (dry bulb temperature and absolute humidity) and water droplet exit 
temperature on drift deposition and on the size of the area affected by the cooling tower. 
 
The mathematical model presented, consisting of two coupled sets of conservation 
equations for the continuous and discrete phases, was incorporated in the general purpose 
CFD code Fluent. Thus, a numerical finite-volume technique was used to simulate drift 
evaporation and deposition.  
 
Experimental results from Policastro were employed to validate the numerical results in 
terms of plume performance and drift deposition. A good agreement was also obtained 
with the results provided by a previous numerical model developed by Meroney for the 
same experiment (Chalk Point Dye Tracer Experiment). Although Meroney’s model did 
not take into account evaporation, the experiment was carried out in conditions of high 
relative humidity, which explains the lack of divergence between the results of both 
models. 
 
Once it was validated, the model developed in this work showed the strong influence of 
ambient temperature on the cooling tower drift deposition and dispersion. With a higher 
ambient temperature, ground deposition was lower as it was also the zone affected by the 
cooling tower. The effect of the other two magnitudes included in the study (ambient 
absolute humidity and droplet output temperature) on the cooling tower drift deposition 
and dispersion was weaker than the one corresponding to the ambient temperature. A high 
level of ambient absolute humidity increased ground water deposition and also the radius 
of the drift dispersion area. Regarding the last variable, a high level of droplet output 
temperature decreased ground water deposition but increased the size of the zone affected 
by the cooling tower due to the fact that droplets with a higher temperature at the tower 
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